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ABSTRACT
Background The use of microorganisms for the synthesis of
nanoparticles (NPs) is relatively new in basic research and
technology areas.
Purpose This work was conducted to optimized the biosyn-
thesis of iron NPs intra- and extracellular by Escherichia coli or
Pseudomonas aeruginosa and to evaluate their anticoagulant
activity.
Study Design/Methods The structures and properties of the
iron NPs were investigated by Ultraviolet–visible (UV-vis)
spectroscopy, Zeta potential, Dynamic light scattering (DLS),
Field emission scanning electron microscope (FESEM)/
Energy dispersive X-ray (EDX) and transmission electron mi-
croscopy (TEM). Anticoagulant activity was determined by
conducting trials of Thrombin Time (TT), Activated Partial
Prothrombin Time (APTT) and Prothrombin Time (PT).
Results UV-vis spectrum of the aqueous medium containing
iron NPs showed a peak at 275 nm. The forming of iron NPs
was confirmed by FESEM/ EDX, and TEM. The morphol-
ogy was spherical shapes mostly with low polydispersity and
the average particle diameter was 23 ± 1 nm. Iron NPs

showed anticoagulant activity by the activation of extrinsic
pathway.
Conclusion The eco-friendly process of biosynthesis of iron
NPs employing prokaryotic microorganisms presents a good
anticoagulant activity. This could be explored as promising
candidates for a variety of biomedical and pharmaceutical
applications.

KEY WORDS anticoagulant activity . Escherichia coli . iron
nanoparticles . microbial biosynthesis . Pseudomonas aeruginosa

ABBREVIATIONS
APTT Activated protombin time test
DLS Dynamic light scattering
EDX Energy dispersive X-ray
FESEM Field emission scanning electron microscope
NPs Nanoparticles
PT Protombin time
SPR Surface plasmon resonance
TEM Transmission electron microscopy
TSB Trypticase soy broth
TT Thrombin time
UV-vis Ultraviolet-visible

INTRODUCTION

Nanoparticles (NPs) are particles in the range of a nanometer
scale having currently immense interest in basic research and
technology areas because their unique properties and appli-
cations (1). There are different ways to synthesize them such as
physical, chemical and biological methods (2–4). Although the
physical and chemical methods are more popular, the use of
toxic chemicals greatly limits their biomedical applications
particularly in medical fields. This is why the development
of re l iab le methods of synthes i s , non- toxic and
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environmentally friendly is paramount to expand their bio-
medical applications. In addition, the use of natural products
as anticoagulants have been extensively investigated, since
these products presents low toxicity and side effects.

The three most common forms of iron oxides in nature are
magnetite (Fe3O4), maghemite (γ-Fe2O3), and hematite (α-
Fe2O3). During the synthesis, the simultaneity of Fe3O4 and
γ-Fe2O3 can be attributed to the oxidation of magnetite to
maghemite. They are made of a magnetic domain and con-
sequently, show the superparamagnetic behavior and only
retain magnetic moment in the presence of an external mag-
netic field. On detaching magnetic field, these NPs will imme-
diately return to their nonmagnetic states. After the microbial
synthesis, iron NPs rapidly form layers of iron oxide at their
surface. These oxides are also very important in the field of
scientific technology and for biomedical uses; NPs have low
toxicity, unique properties, such as superparamagnetism,
greater surface area, catalytic properties and easy separation
methodology (5,6). In addition, for biomedical applications,
are preferred the use of magnetic NPs that present
superparamagnetic behavior at room temperature and are
stable in a physiological environment (6,7). However, the ex-
treme reactivity of iron makes it difficult to study and have
some inconvenient. Is well reported the low-field response
when are magnetizing (susceptibility) or demagnetizing (coer-
civity). The magnetic effects of a magnetic oxide cannot be
easily accounted for, as nanoscale ferrimagnetic oxides are
known to have reduced σs values as well (6).

The colloidal stability of NPs will be subject to the charge
and surface chemistry, which give rise to both steric and cou-
lombic repulsions and also depend on the size of the NPs, which
should be sufficiently small so that precipitation due to gravita-
tion forces can be avoided (7). For medical uses in protein
immobilization, such as for diagnostic magnetic resonance im-
aging, thermal therapy, and drug delivery is crucial developed
protection strategies to chemically stabilize the naked magnetic
nanoparticles against degradation during or after the synthesis.
These strategies comprise grafting of or coating with an inor-
ganic layer, or coating with organic species (6–8).

One choice for achieving this objective is the use of micro-
organisms to NPs synthesis such as fungi, yeasts, bacteria and
algae (4). Bacteria are interesting types of microorganisms that
have an innate ability to reduce metal ions to their respective
metal NPs. This mechanism of reduction of bacteria is due to
its chemical detoxification acting as defense (9). Therefore, this
type of biosynthesis is booming, the exact mechanism through
which it occurs is not yet clears (10).

The microbial synthesis of NPs has emerged as a promising
field of research that involves both the applied microbiology
and the nanotechnology area, NPs are of great interest in a
wide range of disciplines, including magnetic fluids, catalysis,
biotechnology and biomedicine, magnetic resonance images,
data storage and environmental remediation (7,11,12).

The present work was performed with the aim of knowing
the optimal conditions of the extracellular and intracellular
iron NPs synthesis by Escherichia coli and Pseudomonas aeruginosa.
In addition to, it was carried out the evaluation of anticoagu-
lant activity through the determination of the Thrombin Time
(TT), Activated Protombin Time Test (APTT) and
Protombin Time (PT).

MATERIAL AND METHODS

The reagents of analytic grade (FeSO4 · 6H2O, FeCl3 · 6H2O,
iron citrate –Cicarelli, Argentina) were used as raw materials.
Trypticase Soy Broth (TSB - Britania, Argentina).
Coagulometric reagent/assay: citrate, TT, APTT and PT
(Wiener Lab, Argentina).

Strains and Biosynthesis Culture Conditions

E. coli ATCC 25922 and P. aeruginosa ATCC 27853 were
grown by inoculating a single colony from the stock culture
into conical-flask containing 100 mL in TSB under agitation
at 200 rpm at 37°C for 18 h. Prior to all the assays, E. coli or
P. aeruginosa was grown onto Trypticase Soy agar to purity and
viability control. For long-term storage, both strains were kept
with 15% glycerol (v/v) at −80°C freezer (13).

For intracellular biosynthesis, 15 mL of bacteria culture
was incubated with different metal solutions (FeSO4, FeCl3
or iron citrate). The solution was then sonicated at 80 W for
30 min and after centrifuged at 8500 rpm for 5 min.

For extracellular biosynthesis, the culture was centrifuged
and the supernatant was mixed with salt (FeSO4, FeCl3, iron
citrate) solutions avoiding the sonication process. Salt concen-
trations (1 and 10 mM), pH (6.5 and 9), incubation time (24,
48 and 72 h), temperature range (37 and 50°C) and relation-
ship between the amount microbial supernatant, were tested.

NPs generation by Ultraviolet-visible (UV-vis) spectrosco-
py (Shimadzu 160A spectrophotometer, Japan) between 200-
800 nm, in which the surface plasmon resonance (SPR) was
monitored (14–16).

Characterization of the Iron NPs

Particle size and Zeta-potential iron NPs were determined by
Dynamic light scattering (DLS) (Beckman Coulter, Delsa
Nano C instrument, USA) (14, 15).

Field emission scanning electron microscope (FESEM)/
Energy dispersive X-ray (EDX) (Carl Zeiss Sigma VP,
United States) operating at 12 kV was used to acquire scan-
ning electron microscope images.

The morphology of the resulting biosynthetic NPs were
analyzed using a Transmission electron microscopy (TEM)
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at 120,000 magnifications (Jeol, JEM1200 EXII, USA) and
the photographs were taken at 80 kV (14,16,17).

Anticoagulation Activity of Iron NPs

Human plasma was obtained from citrated blood of healthy
individuals after University Human Ethics Committee proto-
col (UNC) approval and with the patient informed consent.

TT is supported on the measurement of the time required
for clot plasma decalcified at 37°C with an activated thrombin
solution. For TT, 0.2 mL of human plasma was incubated at
37°C, together with 0.06mL of ironNPs (2.4 mg/mL) for 300
sec. When 0.2 mL of reagent (bovine thrombin) it was added,
resulted in the formation of the clot according to the manu-
facturer instructions and clotting times were determined in
seconds (18,19).

In APTT was used an excess of cefalina, activator, calcium
and it wasevaluated the time that stayed on coagulating the
plasma decalcified. 0.01 mL of human plasma, 0.10 mL of
the APTT reagent and 0.06 mL of iron NPs (2.4 mg/mL) were
incubated for 300 sec at 37°C. Then, 0.1 mL of 0.025 mM
CaCl2 was aggregated and the time of formation of the clot was
evaluated. Clotting times were determined in seconds (18,20).

PT is a test which determines the delay time to coagulate
plasma decalcified with an excess of tissue thromboplastin and
calcium at 37°C. Through this process are not detected defi-
ciencies of factors of the track intrinsic (VIII, IX, XI and XII).
It was added 0.1 mL of human plasma with 0.1 mL of iron
NPs (2.4 mg/mL) and it was incubated for 60 sec at 37°C.
Clot generation started by the addition of 0.2 mL of an initi-
ator of the extrinsic pathway (the thromboplastin of brain of
rabbit) and was determined in seconds (18,21).

Statistical Analysis

All assays were performed in triplicate and in three indepen-
dent experiments, and the averages and standard deviations
were calculated for all of them. Numerical data were

presented as means ± standard deviation. Data were analyzed
by using ANOVA followed by the Student-Newman-Keuls
test for multiple comparisons, ∗p < 0.005 were considered sig-
nificant for comparisons with control.

RESULTS

Biosynthesis of Iron NPs

IronNPs were synthesized fromFe2+ by treating themicrobial
supernatant of E. coli or P. aeruginosa and the different condi-
tions were detailed and summarized in Tables I and II, re-
spectively. For E. coli, iron NPs were formed extra- and intra-
cellularly at 1 mM (entry 1, 3, 5, 6 and 7, 9, 10, respectively)
(Table I). For P. aeruginosa, iron NPs were obtained only extra-
cellularly at 1 mM (entry 1, 3, 5-7, 9, 10 – Table II).
Nevertheless this production was not observed for 10 mM
with both microorganisms (entry 2, 8 in Table I and 2, 8, 12
in Table II).

Iron NPs are formed extracellularly with different metallic
salts (FeSO4, iron citrate) at pH 6.5 in E. coli (entry 1 and 5,
Table I) or P. aeruginosa (entry 1 and 9, Table II). While the
SPR band was not visualized in the UV-vis spectrum with
FeCl3 in E. coli (entry 4, Table I). By increasing the pH to 9,
iron NPs were generated from iron citrate and FeSO4 by
E. coli (entry 3 and 6, Table I), and iron citrate in
P. aeruginosa (entry 10, Table II). However, they were not de-
tected extracellularly to pH 9 in P. aeruginosawith FeSO4 (entry
4, Table II).

When the amount of metal salt was increased it only pro-
duced a band of greater intensity in the extracellular biosyn-
thesis with P. aeruginosa and FeSO4 (entry 1 and 3, Table II).

Biosynthesis times were ranged from 24 to 72 h and not
significant differences were observed in the SPR peak by
P. aeruginosa (entry 5, 6 and 7, Table II) and E. coli (data no
shown).

Table I Different Conditions of
IronNPs Biosynthesized from E. coli
ATCC 25922 at 37°C

Entry Metallic concentration Biosynthesis Ratio microor./
metallic salt

pH / time SPR (Abs)

1 1mM FeSO4 Extracellular 10 pH 6.5- 48h 0.3

2 10mM FeSO4 Extracellular 10 pH 6.5- 48h ———

3 1mM FeSO4 Extracellular 10 pH 9 - 48h 0.125

4 1mM FeCl3 Extracelular 10 pH 6.5- 48h ———

5 1mM iron citrate Extracelular 10 pH 6.5- 48h 0.10

6 1mM iron citrate Extracelular 10 pH 9 - 48h 0.075

7 1mM FeSO4 Intracellular 10 pH 6.5- 48h 0.175

8 10mM FeSO4 Intracellular 10 pH 6.5- 48h ———

9 1mM FeCl3 Intracelular 1 pH 6.5- 48h 0.08

10 1mM FeSO4 Intracellular 3 pH 6.5- 48h 0.3
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In summary, the optimal conditions for E. coli or
P. aeruginosa were extracellular biosynthesis using 1 mM
FeSO4 at pH 6.5 for 48 h and 37°C.

However, iron NPs extracellular biosynthesis by E. coli was
selected for characterization, because the supernatant of
P. aeruginosa releases higher amount of extracellular substance
than E. coli at supernatant that make dirty the culture
medium.

Characterization of Iron NPs

The NPs were characterized by UV-vis spectroscopy. The soft
SPR peak was centered at approximately 275 nm (Fig. 1a).
The size of iron NPs was measured by DLS technique which
analyzes particle size distribution in the solution phase based
on the random changes in the intensity of their scattered light.
The histogram shows that particle size for iron NPs was 23
±1 nm (Fig. 1b). The density of electric charge, also known as
zeta potential, on the surface of a particle colloidal is an es-
sential factor in determining the stability of this system. With
increased density of electric charge, the particles acquire
forces repulsive more intense that prevents contact between
them. Usually, the majority of colloidal particles have positive
charges or negative in its surface. The surface charge of iron
NPs biosynthesized in this work showed a value of -10.05 mV
(Fig. 1c).

The analysis by EDX of iron NPs confirmed the presence
of elemental iron signal. In the spectra of EDXwas observed a
peak of oxygen which suggests that the NPs biosynthesized
presented an oxide layer (Fig. 2). The inset showed, as expect-
ed at iron NPs, the peaks between 0.6 to 0.8, 6.3 and 6.8 keV
are related to the binding energies of Fe. The spectrum
contained three peaks, which were assigned to Fe, O and C.
The EDX analysis suggest that Fe, O and C (H could not be
measured) are the main constituents in the magnetic NPs. The
distribution of iron NPs were further investigated by FESEM.

The Fig. 3a revealed the presence of spherical iron NPs (ar-
rows), but is not the best methodology for size determination.
Furthermore, the iron NPs biosynthesized was examined by
TEM at 120,000magnifications. As shown in Fig. 3b, the sizes
of iron NPs biosynthesized intracellular by E. coli shown low
polydispersity, spherical forms and the average size of the
particles was 18 ± 2 nm.

Anticoagulant Activity

The iron NPs solution (2.4 mg/mL) was incubated with hu-
man plasma and assayed for coagulation time, compared to
controls for each assay (Fig. 4). To evaluate if the iron NPs
would generate the clots by them, NPs were incubated in
absence of other opening reagents and was not observed clots.
TT is an indicator of the functionality of the final common
pathway of coagulation. TT showed that the time (seconds) of
formation of the clot was greater (22.3 ± 0.9) than the control
(18.4 ± 0.4) (∗p < 0.005).

The determination of APTT verified the inhibition of track
intrinsic coagulation with iron NPs, indicated by the prolon-
gation of the times of coagulation in this test. The APTT
measurements were 34.6 ± 1.1 seconds for iron NPs com-
pared to control level (27.3 ± 1.1) (*p< 0.005). No significant
difference was observed on coagulation with iron NPs solution
(16.2 ± 0.7) in the test track extrinsic.

DISCUSSION

Iron NPs are extremely reactive with oxidizing agents, specif-
ically with respect to water and oxygen. For the complete and
permanent protection from oxidizing, eachNP is coveredwith
a thin covering that has little or no impact on the magnetic
property of NPs different coating materials are used for this
purpose.

Table II Different Conditions of
Iron NPs Biosynthesized from
P. aeruginosa ATCC 27853 at 37°C

Entry Metallic Concentration Biosynthesis Ratio microor. /
metallic salt

pH / time SPR (Abs)

1 1mM FeSO4 Extracellular 10 pH 6.5, 48h 0.20

2 10mM FeSO4 Extracellular 10 pH 6.5, 48h ———

3 1mM FeSO4 Extracellular 3 pH 6.5, 48h 0.7

4 1mM FeSO4 Extracellular 10 pH 9 - 48h ———

5 1mM FeCl3 Extracelular 10 pH 6.5- 24h 0.20

6 1mM FeCl3 Extracelular 10 pH 6.5, 48h 0.25

7 1mM FeCl3 Extracelular 10 pH 6.5 - 72h 0.25

8 10mM FeCl3 Extracelular 10 pH 6.5, 48h ———

9 1mM iron citrate Extracelular 10 pH 6.5, 48h 0.30

10 1mM iron citrate Extracelular 10 pH 9, 48h 0.175

11 1mM FeSO4 Intracellular 10 pH 6.5, 48h ———

12 10mM FeSO4 Intracellular 10 pH 6.5, 48h ———
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NPs can be synthesized by chemical, physical and bio-
logical methods. Microbial methods they have the

advantage of securing ensure low cost, reproducibility,
environmental ly fr iendly, high performance and

Fig. 1 Biosynthesis of iron NPs by E. coli ATCC 25922 monitored by UV-vis. (a) UV-vis absorption spectrum of control (-■-) and iron NPs (-●-). A sharp
absorption peak can be observed for the iron NPs at 275 nm indicating the presence of iron (arrows). (b) Histogram obtained from DLS technique showing
number distribution of biologically synthesized iron NPs. (c) Zeta potential analysis of iron NPs.

Fig. 2 Spectrum of iron NPs
obtained by EDX microanalysis.
Inset: peak of iron between 0.6 to
0.8 keV.
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scalability, but require a lot of time and is laborious. This
type of biosynthesis has the advantage of producing very
high yields of secreted proteins, which can increase the
rate of nanoparticle synthesis (6). In order to study the
influence of different microbial culture condition in the
NPs biosynthesis, the reaction was carried out for diverse
condition as metallic concentration, different ratio be-
tween metallic salts and microorganisms and pH and time

condition. The preparation yield when use microorgan-
isms in NPs biosynthesis are complex because the exact
mechanism through which it occurs is not yet clears
(10,11). The systems of detoxification by bacteria defense
reduce metal ions to their respective metal NPs. The yield
of the biosynthesis was calculated by keeping the ratio of
reactive and SPR band was visualized in the UV-vis spec-
trum (22). The results obtained showed a higher intensity
of the SPR peak corresponding to E. coli or P. aeruginosa
were extracellular biosynthesis using 1 mM FeSO4 at pH
6.5 for 48 h and 37°C (entry 1, Table I and entry 3,
Table II) indicating that a higher yield of iron NPs com-
pared with other conditions at the same biological reac-
tion. NPs were obtained as a light brown color that inten-
sifies a longer culture time until a dark brown color. The
nanoparticles obtained by this method, under these con-
ditions were stable, allowing their storage, manipulation
and use in biological activity assays. In order to compare
the results of the different synthesis conditions, the values
of SPR (Abs) UV-vis are shown in Tables. For example,
for P. aeruginosa, the soft SPR peak (0.20) at approximately
275 nm was observed in biosynthesis using 1 mM FeSO4,
however, an increase of yield of the reaction in 3.5 times
when the ratio microorganism/metallic salt decrease from
10 to 3. The height relationship of the two peaks improves
in favor of the disappearance of reagent and change of
medium appearance.

The biosynthesis of iron NPs using P. aeruginosa with
FeSO4 only occurred extracellularly like investigations
carried out by other researchers in prokaryotes organisms
(23–25), while in the case of E. coli the formation occurred
both intra and extracellularly (26). Probably, these Gram
negative microorganisms are capable of reducing iron
ions to iron NPs due to the presence of some enzymes
present in their cellular wall structures. It has been stud-
ied that the culture supernatants of Enterobacteriaceae
(Klebsiella pneumoniae, E. coli and Enterobacter cloacae) synthe-
sizes silver NPs by means of Ag+ reduction for Ag0. When
add piperitone the reduction of silver ions was inhibited
partially, allowing to participation of nitro reductase en-
zymes in reducing process (9).

In this study the biosynthesis was conducted by modifying
different physicochemical parameters. The use of different
iron salts and ratio between metallic salts and microorganisms
allowed determining which was adequate for each microor-
ganism. Only iron NPs take place to low concentrations
(1mM). The biosynthesis of iron NPs by P. aeruginosa occurred
with all salts tested at pH 6.5. However, in E. coli with FeCl3
were not generatedNPs extracellular. To evaluate the effect of
pH it was observed a decrease in the plasmon SPR due to the
increase of the pH to 9. This could be caused by the inactiva-
tion or degradation of certain biological molecules responsible
for the process of reduction. When we controlled time of

Fig. 3 (a) The distribution of iron NPs by FESEM. The arrows showed of
purple color of the iron NPs (scale bar 1 μm). (b) TEM images of iron NPs
synthesized by E. coli (120,000 magnification, scale bar 0.2 μm).

Fig. 4 In vitro studies of iron NPs on the blood coagulation (TT, APTT and
TP) in normal human plasma. Error bars represent the standard deviations of
the means of three independent experiments. ∗p<0.005 were considered
significant for comparisons with non-treated sample (control).
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biosynthesis it was determined that NPs were already gener-
ated in 48 h, during the end or near the stationary phase of
bacteria growth.

In addition we evaluated the effect of varying the relation-
ship between bacterial suspension and metallic salt. If the re-
lationship is one occurred NPs intracellularly with E. coli, but
that various relationship three generates an increase in the
SPR plasmon only for P. aeruginosa.

When iron solution was added to bacterial solution, the
supernatant changed to a brownish color upon the com-
pletion of 48 h reaction suggested the formation of iron
NPs. This color results from absorption by colloidal iron
NPs in the visible region of the electromagnetic spectrum
(λ = 275 nm) due to the excitation of surface plasmon
vibrations. The UV spectroscopy technique has proved
to be very usefu l for the analys i s of NPs (27) .
Observation of the soft but broad SPR peak has been well
documented for several metallic NPs, with sizes ranging
from 2 to 100 nm (28). The SPR band at lower wave-
lengths (200-300 nm) would indicate that the colloidal
dispersion is composed primarily of iron NPs spherical
and small. The shape and size of the iron NPs were con-
firmed by DLS, FESEM/EDX and TEM. These results
are consistent with those obtained by other investigators
(29,30).

Under biosynthesis conditions, Fe3O4 NPs are not very
stable and can easily be oxidized to Fe2O3 or dissolve in
an acidic medium. Chemically, the iron oxide NPs are
very active and can easily be oxidized (especially magne-
tite), generally resulting in the loss of dispensability and
magnetism. For another hand, the pH of the growth me-
dium is also important for E.coli growth rate and cell den-
sity. The optimal growth pH for E.coli is near neutral, but
can grow reasonably well over a range of three pH units
(from pH 5.5 to 9). Extreme pH beyond this range will
significantly decrease the cell growth rate and may some-
times even cause cell death. E.coli cells can grow on a solid
medium plate at pH 11, but they cannot grow in a liquid
media with pH 9 or higher. In Table I, SPR (Abs) of iron
NPs biosynthesized from E. coli was 2.4 times higher at
pH 6.5 than to pH 9. Nevertheless this production was
not observed for pH 9 with P. aeruginosa. The pH range
assays during the biological synthesis of iron oxide NPs
was from 5.5 to 9, when the optimal to 6.5 (31).

The impact of pH on surface charge is typically char-
acterized by iso-electric point (IEP), the critical pH value
at which the net surface charge is zero. Lin et al. shows the
Zeta potential of the iron NPs as a function of solution pH
and IEP was found to be near pH ≈ 8.3. Comparatively,
IEP of iron nanoparticles is higher than that of magnetite
(Fe3O4) (∼6.8) or maghemite (γ-Fe2O3) (∼ 6.6) (32). We
results are according with other authors the Zeta potential
curves of NPs Fe2O3 as a function of pH. The measured

isoelectric point of the γ-Fe2O3 particles is at about pH
6.7. The Zeta potential curve for the synthesized NPs
suggests a Bpassive surface for the uncoated iron oxide,
with the Zeta potential ranging from positive values
(+20 mV) at low pH values to negative values (−48 mV)
at high pH. The surface change potential of γ-Fe2O3 par-
ticles in water could be explained by surface hydroxyl
groups (FeOH). In a basic environment the surface shows
negative charge potential because of formation of FeO,
whereas in an acid environment the positive surface
charge is except due to FeOH2

+ formation (33). Values
of Zeta potential between -30 to +30 mV generate stabil-
ity in colloidal systems (34). However, values near zero
indicate a lower stability resulting from the reduction re-
pulsive force between the particles. In these cases, colloi-
dal particles are the subject of flocculation (35). This value
indicates that the surface of the iron NPs presented an
anionic charge. The above mentioned property presents
a roll like cellular signature to study the superficial inter-
action and cellular NPs absorption.

Anticoagulants are used in the clinic to treat or to pre-
vent clots of blood or pulmonary embolism. When the
plasma is subjected to certain nanomaterials in vitro, in
some cases is generated an exhaustion of some clotting
factor, delaying the formation of the clot (36). In this work
different assays were realized to estimate if the iron
biosynthesized NPs might begin or impel the process of
the coagulation. It was determined that iron NPs have an
anticoagulant effect on the final common pathway (TT)
and in the intrinsic pathway of coagulation process (deter-
mination of APTT) and not in the extrinsic pathway (PT),
indicating a potential use in medicine.

CONCLUSION

This study demonstrates the control of the microbial biosyn-
thesis environment plays vital role in iron NPs, showed the
best conditions by E. coli or P. aeruginosa extracellular biosyn-
thesis at physiological condition. The Zeta potential, DLS,
FESEM/EDX and TEM confirmed the characterizations of
iron NPs. In addition, in vitro studies support anticoagulant
activity of iron NPs by inhibition of intrinsic pathway and this
opens the door for novel application in pharmacy and
medicine.
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